. The MVG is different from its conventional counterpart by possessing a height of the 20~60% width of the boundary layer, while the height of the conventional one is the same order of the width. The basic idea of MVG is to generate the counter-rotating streamwise vortices, which bring the high momentum fluid from the outer flow to the inner boundary; meanwhile the weak jets-like streamwise vortices has the ability to push away the unfavorable flow gradient. When MVGs are put before the separation region, it is possible to reduce the size of separation and make the boundary layer more "healthy" by means of parameters like the shape factor. Because MVGs are often used in supersonic flows, MVG can produce series of disturbing waves as well. What's more, due to the existence of a solid body in the flow, a momentum deficit region was found to be superimposed between the pair of the streamwise vortices. As mentioned by Barbinsky [1] , this implies larger drag, which is unfavorable to the engineers.
In order to investigate the influence of the geometry of MVG to the low momentum deficit, MVGs with different back-edge declining angle are investigated numerically in this work. Two declining angle are selected as 70º and 45º. The former is more vertical and similar to the shape used by Barbinsky, the latter declines relatively slowly and smoothly. The sketches of the geometry are shown as following: In order to make a detailed research on the problem, the so-called Monotone Integrated Large Eddy Simulation (MI-LES) is used. The main part of the algorithm is to use a kind of high order, low dissipation scheme to simulate the large eddies of the flow, while the discontinuous structures like shock waves should be captured essentially free of oscillations. In this study, a fourth-order bandwidth-optimized WENO-type scheme is used. The dispersive and dissipative characteristic of the scheme is compared with the 5 th order WENO scheme in figure 1 . The results show that although the WENO scheme displays some improvement on dispersive characteristics, the presented 4 th order scheme has distinct lower dissipation, which is often more favorable in LES. Numerical results are compared with the incremental solution by Prof. Rusunov in figure 2 and 3, which is usually thought as the "theoretical" solution of the problem.
In order to generate a desirable turbulent boundary inflow, the Rescaling-Recycling Method (RRM) is used. In this work, the extended version of the RRM by Xu & Martin [2] is adopted.
Using the method, the satisfactory turbulent boundary layer inflow cab be obtained with the given boundary layer width and surface friction coefficient.
To simulate the boundary flow, a kind of open boundary condition based on characteristics is used on out-boundary and upper-boundary, combining with the standard sponge layer technique [3] .
And the adiabatic condition is used on body surface. In order to describe the shape MVG accurately as possible, the body-fitted grid type is chosen to generate the grid system of the MVG. The careful design has been done and large amounts of effects had been spent on the surface and spatial grid generation. Figure 6 and 7 show the surface grid of the MVGs with declining angle 70º and 45º. Based on the above grids, a grid-refinement procedure was performed using the developed three-dimensional (3-D) grid solver, to make the grids smoother, more uniform and orthogonal to the body surface. Such procedures are found to be very important in 3-D computation from practice.
Using the above numerical methods and body-fitted grids, comparative studies will be made on the difference of flow features due to the different back-edge declining angles. Statistics and analysis were carried out on certain downstream cross section. Preliminary simulations are made using grids n streamwise ×n normal ×n spanwise =320×121×64, the final grid number will be around 2048x256x128. The mainly concerned characteristics are:
1) The general flow structures. The flow topologies are investigated and compared, which includes: the different locations of the streamwise vortices, the difference of the cross flow topologies in the cross section, and the difference of the intensities of the vortices. MVG with back-edge declining angle 70º seems to produce relatively stronger streamwise vortices. Figure 9 and 10 shows some preliminary results of the MVG-Ramp flow with the back-edge declining angle 70°. Being as an important diagnosis of the boundary layer, shape factor is calculated and compared from the datum on the cross section. Other quantitative parameters are investigated also like the widths of the boundary layer, surface friction force coefficient, turbulent parameters like Reynolds stress, etc. Detailed analyses on above characteristics show that the merits from different declining angles seem to be reciprocal cancellation to some degree. Overall speaking, the MVG with back-edge 70° seems to be more favorable for flow control. The computational results shown here are very preliminary with coarse grid and a very detailed study with well designed grids of 2048x256x128 will be carried out. Further thorough study about the influence of the declining angles of the MVG will be performed.
